A nested PCR, developed for the detection of equine arteritis virus (EAV) in semen, detected less than 2.5 PFU of EAV per ml of naturally infected seminal plasma. Based on results from testing 88 semen samples from 70 stallions, the sensitivity and specificity of the test were 100 and 97%, respectively.
are desirable. In this study, we describe a sensitive PCR for the detection of EAV in equine semen which was found to match the sensitivity of a reliable VI procedure.
A total of 88 semen samples collected from 70 different stallions, many of which were known shedders of the virus in semen, were examined by nested PCR and conventional VI. Some 57 of the samples were collected from standardbred horses, 18 were from thoroughbreds, 5 were from Arabians, 2 were from Oldenburgs, and 1 each was from Trakehner, Hanovarian, Tennessee walking horse, Dutch warmblood, Selle Français, and Holsteiner breeds. Multiple samples (two to seven) were tested from nine stallions. All of the standardbred and thoroughbred stallions were of North American origin. Two of the warmblood stallions were known to have been imported from Europe.
Viral RNA was extracted directly from seminal plasma or infectious cell culture medium with TRIzol (Canadian Life Technologies Inc., Burlington, Ontario, Canada) in accordance with a modification of the manufacturer's protocol as described previously (7) . Briefly, semen was microcentrifuged at 14,000 ϫ g for 5 min and 20 g of glycogen and 1 ml of TRIzol were added to 100 l of collected seminal plasma. After the addition of chloroform (220 l), the RNA in the aqueous phase (ϳ650 l) was precipitated with 750 l of isopropanol for 15 min. The final ethanol-washed RNA pellet was air dried and then dissolved in 50 l of high-pressure liquid chromatography-grade water.
Attempted VI from seminal plasma was performed as previously described (13) . Briefly, confluent monolayers of rabbit kidney (RK-13) cells (ATCC CCL-37) propagated in 25-cm 2 flasks were inoculated with serial 10-fold dilutions of seminal plasma and overlaid with 0.75% carboxymethyl cellulose. After 5 days of incubation, plaques were visualized by staining the cell monolayer with crystal violet. A second passage was performed if the initial passage showed no cytopathic effect. EAV was confirmed by reduction in titer of the virus with EAVspecific antiserum.
Nested-PCR primers were designed from the published sequence of the ORF1b gene (3), as this gene was expected to be highly conserved among different EAV isolates. The primers were predicted, based on the published sequence, to produce a final product of 186 bp. The external primers, CE (5Ј TGGT AGGTGCTTCATTGGCT 3Ј) and DE (5Ј GCGGCACAAG AACACTTCTG 3Ј), were identical in sequence to the sense and antisense strands from nucleotides 9193 to 9212 and 9610 to 9629, respectively. The internal primers, CI (5Ј CCTGAG ACACTGAGTCGCGT 3Ј) and DI (5Ј CCTGATGCCACAT GGAATGA 3Ј), were identical in sequence to the sense and , and 50 mM KCl in a final volume of 100 l. After denaturation for 3 min at 94°C, the reaction mixtures were cycled 40 times as follows: 94°C for 20 s, 42°C for 30 s, and 72°C for 30 s with a final extension at 72°C for 15 min. A second round of amplification was performed with 1 l of the first-round product and the internal primers, CI and DI (1 M each), by using the same reaction conditions as described for the first round of PCR amplification. The final product (15%) was electrophoresed on a 1.8% agarose gel containing ethidium bromide and photographed under UV transillumination.
The Bucyrus strain of EAV, which was propagated in RK-13 cells, was used to optimize the nested PCR. With cell culture medium and seminal plasma samples to which EAV had been added, a PCR product of ϳ186 bp consistent with the predicted size was obtained. Based on testing serial 10-fold dilutions of the virus in seminal plasma, the lower limit of detection of nested PCR was found to be ϳ2 PFU/ml (Fig. 1) . The product was confirmed to be specific for the ORF1b gene of EAV by PCR cycle sequencing (data not shown). In addition, no PCR products were obtained from negative control samples or from cell culture samples containing the following equine viruses: equine herpes virus 1 (10 6 PFU/ml), equine herpes virus 4 (2.5 ϫ 10 7 PFU/ml), equine rhinovirus 1 (Ͼ10 3 PFU/ ml), equine rhinovirus 2 (Ͼ10 3 PFU/ml), equine influenza virus A1 (hemagglutination titer, 1:128), and equine influenza virus A2 (hemagglutination titer, 1:512).
The results of testing a panel of 36 semen samples by VI and by PCR were in 100% agreement (Table 1) . Included in this panel were samples that ranged in virus content from those with very low amounts, i.e., a trace amount (Ͻ2.5 PFU/ml) (Fig. 2, lane 13 ) and 2.5 PFU/ml (Fig. 2, lane 14) , to those with high amounts, i.e., up to 130,000 PFU/ml. A prominent PCR product was observed for all samples which were positive by VI.
An additional 52 semen samples were tested by VI and PCR; these included 11 samples from four carrier horses that had either spontaneously cleared the infection or else were shedding very low quantities of the virus. The PCR results for these carrier stallions are shown in Fig. 2 (lanes 2 to 12) and PCR (lanes 3 and 4) . The five semen samples from horse B, a chronic low-grade shedder, were collected over a 2.5-year period. Three positive samples were collected in 1992 (containing 40, 650, and 350 PFU/ml [lanes 5 to 7, respectively]), and one each was collected in 1993 and 1994 (containing 1,500 and 25 PFU/ml [lanes 8 and 9, respectively]). A semen sample from horse C, a spontaneously cleared carrier, was negative by VI and PCR (lane 10) 1 month after a trace positive result was obtained on a sample collected in 1992 (tested by VI only); a subsequent semen sample collected in 1994 was also negative by VI and PCR (lane 11). The semen of stallion D, another spontaneously cleared carrier, was positive for EAV in 1987 (tested by VI only) but negative by VI and PCR for a semen sample collected in 1994 (lane 12). As shown in Fig. 2 , the results of the PCR agreed fully with those of VI for these samples.
With respect to the additional 52 samples tested, there were two discordant (positive by PCR and negative by VI) results. One discordant result was apparently due to failure on an initial attempt to isolate EAV, because subsequent retesting of the sample gave a positive result. The second discordant result may have been due to contamination of the sample, as subsequent testing of a second aliquot of the same sample gave negative PCR results. Based on the results of testing 88 semen samples, there was an initial agreement of 98% between the methods. Thus, the diagnostic sensitivity and specificity of the PCR relative to that of VI were 100% (56 of 56) and 97% (31 of 32), respectively. The latter increased to 100% with the repeat PCR result. When both repeat findings were considered, the results of the two methods were in 100% agreement.
Several PCRs for the detection of EAV have been reported (1, 2, 11, 12) . Of these, only the nested PCR described by Belak et al. (1) was extensively applied to test semen samples for the presence of EAV. The first EAV PCR, reported by Chirnside and Spaan (2), could detect 600 PFU of EAV per ml in infective semen, whereas the assay reported by St.-Laurent et al. (12) could detect 430 50% tissue culture infective doses per ml of EAV in infective semen. Although the lower limits of detection of virus in semen were not determined for these assays, the PCR of St.-Laurent et al. (12) could detect 20 50% tissue culture infective doses per 100 l of virus-inoculated semen. The PCR described by Belak et al. (1) , which utilized primers designed to amplify nucleocapsid (ORF7) gene sequences, could detect minimal amounts (Ͻ1 PFU) of EAV in semen from naturally infected carrier stallions.
The nested PCR described herein, which uses primers based on ORF1b sequences, was highly sensitive. It yielded a product from a semen sample in which EAV occurred in trace amounts, producing plaques only on second passage in RK-13 cells. Considering that the recommended minimal dilution of semen tested is 1:10 in order to circumvent cellular toxicity, the lowest quantity of virus that can be routinely determined by the VI method used in this study was 2.5 PFU/ml (i.e., 1 plaque per four inoculated flasks). Thus, the lower limit of detection of the PCR described herein can be expressed as Ͻ0.25 PFU or Ͻ2.5 PFU/ml. This high level of sensitivity suggests that the PCR used in this study can effectively deal with any PCR-inhibiting substances in semen (12) . The advantage of this PCR, over that of other PCRs for detection of EAV in semen, is that it combines rapid processing of samples (i.e., shorter RNA extraction times) with high sensitivity.
The results of this study support the use of the PCR as an alternative method to VI for the detection of EAV in semen. Initial results with homogenates of infected liver and lung samples (not shown) suggest that the PCR may also have general applicability for the detection of EAV in other biological materials. Although the PCR cannot determine the infectivity of EAV in equine semen, the results indicate that it can be used to determine whether equine semen is free of EAV. This is an important requirement in the standard examination of stallions for health certification purposes. The rapidity with which PCR results can be obtained (2 days) is a great advantage over conventional VI procedures, especially in facilitating the international movement of horses.
